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,QWURGXFWLRQ
2FFXSLHGVSDFHVLQEXLOGLQJVQHHGIUHVKDLUIRUYHQWLODWLRQLQRUGHUWRHOLPLQDWHWKHDLUSROOXWDQWV7KHUHDUH
WZRW\SHVRIYHQWLODWLRQZKHUHWKHIUHVKDLUFRXOGEHVXSSOLHGHLWKHUYLDPHFKDQLFDOYHQWLODWLRQV\VWHPVRUQDWXUDO
YHQWLODWLRQVWUDWHJLHV5HFHQW\HDUVWKHODWWHUVWUDWHJ\KDVEHFRPHWKHKLJKOLJKWLQWKHEXLOGLQJLQGXVWU\ZKHUHPRVW
RI WKH GHYHORSHUV DQG GHVLJQHUV KDYH VZLWFKHG WKHLU GLUHFWLRQ RQ DUFKLWHFWXUDO SHUVSHFWLYH WRZDUGV EXLOGLQJ
SHUIRUPDQFH DV ZHOO DV DSSUHFLDWLRQ WRZDUGV WKH HQYLURQPHQWDO IDFWRUV VXFK DV GD\OLJKWLQJ DQG QDWXUDO
YHQWLODWLRQ-|UQ YRQ*UDEHD HW DO 2QH RI WKH UHDVRQV FRXOG EH VWDWHG E\ WKH IDFW WKDW WKH DSSOLFDWLRQ RI
SDVVLYHVWUDWHJLHV LQDUFKLWHFWXUHFRXOGUHGXFHFDUERQIRRWSULQWDQGWRUHGXFHWKHXUEDQKHDW LVODQGDVZHOODV WKH
UHOHDVHRIFDUERQGLR[LGHWRWKHHQYLURQPHQW
7KHOLWHUDWXUHVWDWHGDERYHKDYHUHVHDUFKHGRQYDULHVRIGHVLJQDQGFRQILJXUDWLRQRIVRODUFKLPQH\LQRUGHUWR
UHILQH WKH IXQFWLRQ 7KHUHIRUH WKLV VWXG\ LV LQWHQGHG WR LQYHVWLJDWH WKH LQIOXHQFH DQG HIIHFWLYHQHVV RI WKH VRODU
FKLPQH\ RQ WKHUPDO SHUIRUPDQFH RI H[LVWLQJ WHUUDFH KRXVHZLWKRXW VRODU FKLPQH\ LQ KRW DQG KXPLG FOLPDWH YLD
DSSOLFDWLRQRI&)'VLPXODWLRQ,QRUGHUWRLQYHVWLJDWHWKHHIIHFWLYHQHVVRIWKHVRODUFKLPQH\WRWKHH[LVWLQJKRXVH
WZRREMHFWLYHVKDYHEHHQILJXUHGRXWDVIROORZV
x 7RLQYHVWLJDWHWKHWKHUPDOSHUIRUPDQFHRIWKHEHGURRPLQH[LVWLQJWHUUDFHKRXVHXQGHUKRWDQGKXPLGFOLPDWH
x 7RVFUXWLQL]HWKHHIIHFWRILQWURGXFLQJVRODUFKLPQH\RQWKHLQGRRUWKHUPDOSHUIRUPDQFH
 7KHILHOGPHDVXUHPHQWZDVFDUULHGRXWLQDVHOHFWHGVLQJOHVWRUH\WHUUDFHGKRXVHDQGWKHFROOHFWHGGDWDZDV
LQSXWLQWRWKHFRPSXWHUVLPXODWLRQVRIWZDUHDVERXQGDU\FRQGLWLRQ7KH&)'VLPXODWLRQVRIWZDUHµ'HVLJQ%XLOGHU¶
ZDVDSSOLHGWRFDUU\RXWWKHPRGHOOLQJDQGVLPXODWLRQWDVNVLQWKLVVWXG\7KHYDOLGDWLRQRIWKHVRIWZDUHZDVFDUULHG
RXWE\FRPSDULQJWKHILHOGPHDVXUHPHQWUHVXOWDQGWKHVLPXODWLRQUHVXOW
1.1. Local climate condition
 7KHFDVHVWXG\VLQJOHVWRUH\WHUUDFHGKRXVHLV ORFDWHGDW.XFKLQJ6DUDZDN(DVW0DOD\VLD.XFKLQJLV WKH
FDSLWDOFLW\RI6DUDZDNVWDWHZKLFK LV WKH ODUJHVW VWDWH LQ0DOD\VLD6LQFH WKH WRSRJUDSK\ ORFDWLRQRI0DOD\VLD LV
FORVHWRWKHHTXDWRUWKHKRWDQGKXPLGFOLPDWHLVHPSKDVL]HGZLWKWKHIUHTXHQWDQGKHDY\UDLQIDOODVZHOODVORQJ
KRXU RI VRODU LUUDGLDQFH 7KH \HDUO\ DYHUDJH DLU WHPSHUDWXUH IDOOV EHWZHHQ & WR &ZKLOH WKH UHODWLYH
KXPLGLW\UDQJHGIURPWRWKURXJKRXWWKH\HDU7KHKRWWHVWVHDVRQRIWKH\HDUODVWVIURPHDUO\$SULOWRHQG
RI -XQH ZLWK GDLO\ PD[LPXP WHPSHUDWXUH DERYH & ZKLOH WKH FROGHVW VHDVRQ RI WKH \HDU ODVWV IURP HDUO\
'HFHPEHU WR HDUO\ RI )HEUXDU\ ZLWK PLQLPXP DLU WHPSHUDWXUH RI & .XFKLQJ UHFHLYHG VKRUWHVW KRXU RI
GD\OLJKW GXULQJ  'HFHPEHU DQG ORQJHVW KRXU RI GD\OLJKW DW  -XQH ZKLFK DUH  KRXUV DQG  KRXUV
UHVSHFWLYHO\ ,Q DYHUDJH.XFKLQJ UHFHLYHV RQO\  KRXU RI VXQVKLQH SHU GD\  7KHZHWWHVW WLPHV RI .XFKLQJ DUH
GXULQJWKH1RUWK(DVW0RQVRRQVHDVRQZKLFKLVVWDUWHGIURP1RYHPEHUWR)HEUXDU\DQGWKHGU\VHDVRQVWDUWVIURP
-XQH WLOO$XJXVW7KH UDLQIDOO GLVWULEXWLRQ UHFRUGHG IURPPP WR PP WKURXJKRXW WKH \HDU ,Q JHQHUDO
.XFKLQJH[SHULHQFHVFRQVWDQWKLJKDLUWHPSHUDWXUHDQGKLJKUHODWLYHKXPLGLW\WKURXJKRXWWKH\HDUDFFRPSDQLHGE\
KHDY\UDLQIDOODVZHOODVORZZLQGYHORFLW\
1.2. Thermal comfort studies in Malaysia
7KHUPDO VHQVDWLRQ RI WKH RFFXSDQWV LV LQIOXHQFHG E\ WKH HQYLURQPHQWDO DVSHFWV ZKLFK DUH DLU WHPSHUDWXUH
UHODWLYH KXPLGLW\ PHDQ UDGLDQW WHPSHUDWXUH DLU YHORFLW\ FORWKLQJ DV ZHOO DV DFWLYLW\ GRQH E\ RFFXSDQWV
32)DQJHU$PRXQWVRIOLWHUDWXUHVDERXWWKHUPDOFRPIRUWKDVEHHQSXEOLVKHGDQGSURSRVHGE\UHVHDUFKHUV
3URGXFLQJDVWDQGDUGDQGXQLYHUVDODVVHVVLQJWKHUPDOFRPIRUWLQGH[WRILWVRPHRUDOORIWKHUHJXODWLQJIDFWRUVLQWR
VLQJOHLQGH[ZDVPDMRUFRQFHUQVRIUHVHDUFKHUV6DGDILHWDO,QWKLVSDSHUWKHWKHUPDOFRPIRUWGHWHUPLQHG
E\DLUYHORFLW\DQGDLUWHPSHUDWXUHZKLFKLVLQGLFDWHGDW7DEOH6LQFH0DOD\VLDH[SHULHQFHGKLJKDLUWHPSHUDWXUH
WKDWGHWHUPLQHGWKHGLVFRPIRUWOHYHOWKHPLQLPXPWDUJHWWKHUPDOFRPIRUWDLUWHPSHUDWXUHRIι&DQGLGHDOLQGRRU
DLUYHORFLW\LVPV

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1.3. Impact of solar chimney length and width gap configuration 
 7KHSDUDPHWHUVRIVRODUFKLPQH\SOD\LPSRUWDQWUROHVLQHQKDQFLQJWKHYHQWLODWLRQRIWKHURRPRWKHUWKDQ
H[WHUQDOIDFWRUVVXFKDVVRODULUUDGLDWLRQDLUWHPSHUDWXUHRXWGRRUZLQGGLUHFWLRQZLQGYHORFLW\DQGVRIRUWK7KH
DELOLW\RIVRODUFKLPQH\WRJHQHUDWHLQGXFHGYHQWLODWLRQLVGHSHQGVRQWKHDLUIORZUDWHDQGDLUVSHHGLQVLGHWKHVRODU
FKLPQH\1XJURKR7KHUHDUHQXPHURXVRIUHVHDUFKVWXG\RQVRODUFKLPQH\OHQJWKDQGZLGWKJDSLQRUGHUWR
LQFUHDVHWKHSHUIRUPDQFHRIVRODUFKLPQH\WRLQGXFHLQGRRUYHQWLODWLRQ
%RXFKDLUPHQWLRQHGWKDWDQRSWLPXPFKLPQH\OHQJWKJDSZLGWKUDWLRIRUWKHRSWLPXPDLUYHORFLW\LV
QHFHVVDU\5HYHUVHFLUFXODWLRQDQGWXUEXOHQFHZRXOGKDSSHQLIWKHVRODUFKLPQH\JDSZDVWRRELJVLQFHWKHUHZDVD
GRZQZDUGIORZRIDLUWKURXJKWKHFHQWHURIWKHGXFW-+LUXQODEKHWDOKDVVWXGLHG0HWDOOLFVRODUZDOO LQ
7KDLODQG IRU LQGRRUQDWXUDOYHQWLODWLRQZLWKFPDLUJDSDQGPðRI VXUIDFHDUHDZKLFKJLYLQJ WKHKLJKHVW DLU
PDVVIORZUDWHRI±NJV=KDLHWDOKDVVWXGLHGVRODUDLUFROOHFWRUVLQJUHHQKRXVH+HIRXQGWKDW
WKHQDWXUDOYHQWLODWLRQDLUIORZUDWHLQFUHDVHVFRQWLQXRXVO\ZKHQWKHFKDQQHOJDSLQFUHDVHIURPPPWRPP
([FHHGLQJPPWKHDLU IORZZLOOGHFHOHUDWH7KHDXWKRUVDOVRIRXQGRXW WKDW WKHRSWLPXPLQFOLQDWLRQDQJOHIRU
QDWXUDO YHQWLODWLRQ LV  ,Q RWKHU SDSHU E\ &KHQ HW DO   KH FDUULHG RXW WKH H[SHULPHQWV E\ XVLQJ
H[SHULPHQWDOVRODUFKLPQH\PRGHOZLWKXQLIRUPKHDWIOX[RQDVLGHRIVRODUFKLPQH\ZDOOZLWKGLIIHUHQWFKLPQH\
JDSWRKHLJKW UDWLR IURP  WR  ZLWK GLIIHUHQW KHDW IOX[ DQG LQFOLQDWLRQ DQJOH 7KH UHVXOWV VKRZ WKDW WKH
PD[LPXPDLUIORZUDWHFRXOGEHDFKLHYHGDW LQFOLQDWLRQRIZLWKPPJDSDQGPFKLPQH\KHLJKW ,Q WKH
VRODUFKLPQH\VWXG\IRUVLQJOHVWRUH\UHVLGHQWLDOEXLOGLQJLQ0DOD\VLD1XJURKRVWDWHGWKDWRSWLPXPZLGWK
JDSRIPLVUHFRPPHQGHGIRUPVRODUFKLPQH\KHLJKW7KHVWXG\UHSRUWHGWKDWWKHDLUIORZUDWHLQFUHDVHVIURP
PಢVWRPಢVZKHQWKHOHQJWKVRIVRODUFKLPQH\LQFUHDVHIURPPWRP$UFHHWDOLQYHVWLJDWHG
WKHQDWXUDOYHQWLODWLRQRIVRODUFKLPQH\SHUIRUPDQFHZLWKH[SHULPHQWVWXG\LQ0HGLWHUUDQHDQFOLPDWH7KHDEVRUEHU
ZDOOKHLJKWLVPKLJKPZLGHPWKLFNDQGPGHHSZKLOHWKHJODVVFRYHULVPWKLFN7KHUHVXOWV
VKRZWKDWXQGHUVRODULUUDGLDWLRQRI:PðDPD[LPXPDLUWHPSHUDWXUHRI&DQGWKHDLUIORZUDWHUDQJLQJIURP
WRPಢKZDVREWDLQHGYLDWKHVRODUFKLPQH\%RXFKDLUKDVGRQHDFRPSOHWHIXOOVFDOHVRODUFKLPQH\
H[SHULPHQW7KHVRODUFKLPQH\GLPHQVLRQVZHUHPKLJKPZLGHPDQGPKLJKLQOHWYDULHVGHSWKPWR
P7KHVRODUFKLPQH\ZDVSDUWRIURRPRIPಢ+HUHSRUWHGWKDWWKHRSWLPDODLUIORZUDWHFDQEHREWDLQHGLIWKH
DVSHFWUDWLRRIKHLJKWGHSWKDFKLHYHGDQGLQYHUVHIORZZRXOGKDSSHQLIWKHFDYLW\JDSLVELJJHUWKDQP
 0RVWRIWKHOLWHUDWXUHUHYLHZVKDYHVWXGLHGWKHOHQJWKDQGZLGWKRIVRODUFKLPQH\KRZHYHUWKHUHLVRQO\IHZ
UHVHDUFK KDYH VWXGLHG LQ WURSLFDO FOLPDWH LQ0DOD\VLD 7KLVPHDQV WKDW VWXG\ RQ VRODU FKLPQH\ WR LQGXFH QDWXUDO
YHQWLODWLRQKDVKLJKSRWHQWLDODVUHVHDUFKWRSLFHVSHFLDOO\IRUWKHKRXVLQJLQ(DVW0DOD\VLD

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5HVHDUFKPHWKRGV


)LJ7KHORFDWLRQRIWKHDLUZHOODQGWHVWURRPLQFDVHVWXG\KRXVHZLWKSRVLWLRQRIILHOGPHDVXUHPHQWSRLQW¨RXWGRRUZHDWKHUVWDWLRQDQG
ƔLQGRRUDLUYHORFLW\DVZHOODVLQGRRUDLUWHPSHUDWXUH
2.1. Field measurement
)LHOGPHDVXUHPHQWKDVEHHQFRQGXFWHG WR LQYHVWLJDWH WKH WKHUPDO FRQGLWLRQV LQDQH[LVWLQJ WHUUDFHGKRXVH LQ
QDWXUDO YHQWLODWHG FRQGLWLRQ2WKHU WKDQ WKDW WKHSXUSRVHRI ILHOGPHDVXUHPHQW LV WRREWDLQ WKH UHDO WLPHRXWGRRU
ZHDWKHU GDWD DV LQSXW RI ERXQGDU\ FRQGLWLRQ IRU WKH EDVHOLQHPRGHO IRU&)'ZRUN ,Q WKLV VWXG\'HVLJQ%XLOGHU
VLPXODWLRQDQG&)'ZDVDSSOLHGWRFRQVWUXFWDQGUXQWKHWKHUPDOHYDOXDWLRQRIDPRGHOIRUFDVHVWXG\KRXVH7KH
URRPZLWKH[LVWLQJDLUZHOOZLWKGLPHQVLRQPOHQJWK[PZLGWK[PIORRUWRRXWOHWKHLJKWZKLFKDWWDFKHG
ZLWK WKH WHVW URRP EHGURRPZDVPRGHOOHG$LU WHPSHUDWXUH DQG DLU IORZRI WHVW URRPZHUHPHDVXUHGZLWK
+2%28GDWD ORJJHUZKLFKSODFHGP IURP IORRU OHYHOZKLOH WKH+2%28ZHDWKHU VWDWLRQSODFHGP
IURPIORRUOHYHODWFDVHVWXG\KRXVHFRPSRXQGZHUHXVHGWRORJWKHDLUWHPSHUDWXUHDLUKXPLGLW\DLUIORZDQGVRODU
LUUDGLDWLRQ VLQFH P WR P LV WKH KXPDQ VHQVRU\ KHLJKW )RU YDOLGDWLRQ SXUSRVH WKH ILHOGPHDVXUHPHQW ZDV
FDUULHG RXW IURP KU  6HSWHPEHU  WR KU RI  6HSWHPEHU  6HSWHPEHU ZDV FKRVHQ DV WKH
PHDVXUHPHQWPRQWKVLQFHLWZDVWKHPRQWKZLWKPRVWQXPEHUVRIKRXUO\PHDQPD[LPXPDLUWHPSHUDWXUHVDQGVRODU
LUUDGLDWLRQ
$ ORZFRVW VLQJOH VWRUH\ WHUUDFHGKRXVHZLWKEXLOW XS DUHD RIPðZDV VHOHFWHG DV WKH FDVH VWXG\)LJXUH
VKRZVWKDWWKHKRXVHFRQVLVWVRIWKUHHXQLWVRIEHGURRPDOLYLQJFXPGLQLQJVSDFHDVZHOODVXWLOLW\%HGURRPZDV
VHOHFWHGDVWHVWURRPVLQFHLWLVDWWDFKHGWRWKHDLUZHOO7KHIURQWIDoDGHRIEXLOGLQJRSHQLQJVDUHRULHQWHGWRZDUGV
1RUWKGLUHFWLRQ7KHFDVHVWXG\KRXVHSDUWLWLRQHGZLWKWZRPPSODVWHUHGWKLFNSDUW\ZDOOZKLOHWKHLQWHUQDOZLWK
WKLFNQHVV PPZDV SODVWHUHG ERWK VLGH DQG PP WKLFN H[WHUQDOZDOO 7KH8YDOXH RI WKHZDOO LV DERXW 
:Pð.$OO WKHZLQGRZDUHVLQJOHFOHDUJOD]HGVOLGLQJZLQGRZVP[PDQGPDERYH WKHIORRUH[FHSW
EHGURRPZKLFKDWWDFKHGWRWKHVRODUFKLPQH\ZKLFKLVILWWHGZLWKJODVVSDQHVORXYHUVZLQGRZP[P
DERYHWKHIORRU7KHVLQJOHOD\HUFOHDUJODVVSDQHZLQGRZZLWK8YDOXH:Pð.ZKLFKLQVWDOOHGLQFDVHVWXG\
URRPP[PZLWKFHLOLQJKHLJKWPLVIDFLQJVRXWKDQGWKHVRODUFKLPQH\P[P[PKHLJKWLVDWWDFKHG
RQWKHQRUWKZDOORIWKHURRP&OD\WLOHVDUHXWLOL]HGDVWKHURRILQJPDWHULDOZLWK8YDOXH:Pð.7KHUHLVQR
LQVXODWLRQ PDWHULDO RFFXSLHG IRU ERWK ZDOOV DQG URRIV IRU KHDW WUDQVPLVVLRQ )LJXUH  LQGLFDWHG WKH ORFDWLRQ RI
PRQLWRULQJ SRLQWV IRU &)' $ WR ' )RU ILHOG PHDVXUHPHQW RQO\ SRLQW $ ZLOO EH LQYHVWLJDWHG IRU VRIWZDUH
YDOLGDWLRQSXUSRVH7KHH[LVWLQJDLUZHOOVHUYHGIRUYHQWLODWLRQRSHQLQJKRZHYHUZLWKRXWWKHDLGVRIJOD]LQJWRKHDW
XS WKH XSSHU ]RQH WKHUH LV QR LQGXFHG YHQWLODWLRQ KDSSHQHG 7KH GRWWHG OLQH LQ )LJXUH  LQGLFDWHG WKH SURSRVHG
FKLPQH\ZKLFKZLOOEHWKHREMHFWLYHRIVWXG\7KHPD[LPXPH[WHQGHGDLUZHOOSDUWFDQJRWRPDERYHURRIOHYHO
OLPLWHGE\WKHORFDODXWKRULW\UHJXODWLRQDQGWKHVRXWKRULHQWHGH[WHQGHGSDUW LVPRGHOHGZLWKJOD]LQJLQRUGHU WR
IXQFWLRQDVVRODUFKLPQH\

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)LJD3RVLWLRQRIPRQLWRULQJSRLQWVIRUWHVWURRPDQGVRODUFKLPQH\%	&SRLQWVLQGLFDWLQJWKHH[LVWLQJDLUZHOOZKLOHSRLQW'LQGLFDWHVWKH
SURSRVHGVRODUFKLPQH\WRHQKDQFHWKHDLUZHOOIRUVWDFNYHQWLODWLRQSXUSRVHE)LHOGPHDVXUHPHQWIRURXWGRRUZHDWKHUFRQGLWLRQVRODU
UDGLDWLRQDLUWHPSHUDWXUHUHODWLYHKXPLGLW\DQGZLQGYHORFLW\


7DEOH)LHOGPHDVXUHPHQWGDWDIRUYDOLGDWLRQDQGERXQGDU\FRQGLWLRQRIVLPXODWLRQ
7LPH :HDWKHU6WDWLRQ+2%28 7HVW5RRP+2%28
$LU
WHPSHUDWX
UH&
+XPLGLW\

:LQG
VSHHG
PV
6RODU
LUUDGLDWLRQ
:Pð
:LQG
'LUHFWLRQ
$LU
WHPSHUDWXUH
&
:LQG
VSHHGPV
       
       
       
       
       
       
       
       
       
       
       
       
       
       

2.2. CFD simulation
&)' VLPXODWLRQ SOD\V DQ LPSRUWDQW UROH LQ WKLV VWXG\ VLQFH WKH ILQDO UHVXOWV RI VLPXODWLRQ RQ WKH YLUWXDO
HQYLURQPHQW UHSUHVHQW WKH DFWXDO HQYLURQPHQW UHVXOWV +HQFH WKH YDOLGDWLRQ RI VRIWZDUH EDVHG RQ WKH ILHOG
PHDVXUHPHQW LV QHFHVVDU\ LQ RUGHU WR MXVWLI\ WKH VRIWZDUH UHVXOWV DFFXUDF\ LQ VLPXODWLQJ WKH DFWXDO HQYLURQPHQW
'HVLJQ%XLOGHUZDVXVHGLQWKLVVWXG\DQGVRPHOLWHUDWXUH0RKDPPDG%DKDUYDQGHWDO%DQJDOHHHWDO
/HQJHWDO'UDJLFHYLFHWDOKDVDSSOLHGDQGYDOLGDWHGWKDWWKLV&)'VLPXODWLRQVRIWZDUHLVUHOLDEOH
'HVLJQ%XLOGHUZDVGHYHORSHGE\(QHUJ\3OXVZKLFKLVWKH86'2(EXLOGLQJHQHUJ\VLPXODWLRQSURJUDPWRPRGHO
DQG H[DPLQH WKH SHUIRUPDQFH RI EXLOGLQJ VXFK DV YHQWLODWLRQ FRROLQJ KHDWLQJ HQHUJ\ IORZ DQG VR IRUWK
'HVLJQ%XLOGHU,QWKLVVWXG\WKHVFRSHRIH[SHULPHQWFRQFHQWUDWHVRQWKHDLUZHOODQGWKHWHVWURRP7KXVLQ
RUGHU WR UHGXFH WKH PRGHO FRPSOH[LW\ VLPXODWLRQ UXQQLQJ WLPH DQG LQFUHDVH WKH DFFXUDF\ RI UHVXOWV WKH VWXG\
VSDFHVZHUHPRGHOOHGDQGHQFORVHGZLWKDOD\HURIDGLDEDWLFFRPSRQHQWDWWKHH[WHUQDOSDUWRIWKHURRP
 'HVLJQ%XLOGHU DSSOLHG GRPDLQGHFRXSOHG WHFKQLTXH ZKHUH WKH LQGRRU DLU DQG RXWGRRU DLUIORZ ILHOGV
KDSSHQHGVHSDUDWHO\-LUXDQG%LWVXDPODN,QWKHVHWWLQJPRGHLQRUGHUWRFDUU\RXWQDWXUDOYHQWLODWLRQLW¶V
SUHIHUUHGWRXVH³FDOFXODWHG´RYHU³VFKHGXOHG´VLQFHWKH³LQILOWUDWLRQ´OHYHOLVKLJK&)'LQ'HVLJQEXLOGHUDSSOLHG
&DUWHVLDQW\SHJULGV\VWHP,QWKLVVWXG\WKHWRWDODPRXQWRIFHOOVJHQHUDWHGIURPWKLVJULGV\VWHPLVQXPEHUV[
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GLUHFWLRQ [  QXPEHUV \GLUHFWLRQ [ QXPEHUV ]GLUHFWLRQ ZLWK PD[ UDWLR  7KH FDOFXODWLRQ LQ &)'
DSSOLHGWKHVWDQGDUGNܭWXUEXOHQWPRGHOZLWKLWHUDWLRQV
2.3. Boundary condition for optimization 
,QYHVWLJDWLRQRIWKHPRGHOFRQILJXUDWLRQVEDVHGRQDIL[HGERXQGDU\FRQGLWLRQLVQHFHVVDU\LQRUGHUWRH[DPLQH
WKHHIIHFWLYHQHVVRI VRODU FKLPQH\FRQILJXUDWLRQV ,Q WKLV VWXG\KRXUO\ZHDWKHUGDWD LQ.XFKLQJ \HDUZDV
DQDO\]HG )LJXUH  DQG ILJXUH  LQGLFDWHG &ZDV WKHPD[LPXP DLU WHPSHUDWXUH WKDW KDSSHQHGPRVW IUHTXHQW
HVSHFLDOO\ LQ QGRI6HSWHPEHUZKLFK LV WKH(TXLQR[ WLPH0HDQZKLOH IRU VRODU LUUDGLDWLRQ :PðZDV WKH
PD[LPXPYDOXH RI WKH \HDU DQG LW KDSSHQHGPRVW IUHTXHQW DW 6HSWHPEHU WRR 7KHZLQG VSHHGPHDVXUHG DW P
KHLJKWIRUQG6HSWHPEHULVPVZLWKUHODWLYHKXPLGLW\%RWKFDQEHLJQRUHGVLQFHWKHPHWHRURORJLFDO
GDWDZDVPHDVXUHGRQPIURPJURXQGOHYHO7KHFRQYHUVLRQRIWKHZLQGVSHHGYDOXHZLWKSRZHUODZWRKXPDQ
OHYHOZRXOGFDXVHOLWWOHRUQRHIIHFWVLQFHWKHFRQYHUWHGZLQGYHORFLW\LVZLWKLQPVWRPVZKLFKLVFRQVLGHUHG
DVVWDWLFRUQRDLUPRYHPHQW
5HVXOWVDQGGLVFXVVLRQ
3.1. Field Measurement 
7KHILHOGPHDVXUHPHQWUHVXOWVZHUHDQDO\]HGLQRUGHUWRREWDLQWKHPDFURFOLPDWLFDQGPLFURFOLPDWLFFRQGLWLRQ
RI WKH H[LVWLQJ VLWH 7KH VLWH RI ILHOG PHDVXUHPHQW ORFDWHG DW .XFKLQJ 6DUDZDN DQG (DVW 0DOD\VLD 0DOD\VLD
H[SHULHQFHG KRW DQG KXPLG FOLPDWH WKURXJKRXW WKH \HDU )XUWKHUPRUH WKH FRXQWU\ H[SHULHQFHG0RQVRRQ VHDVRQ
WZLFHD\HDUZKLFKFDXVHGKHDY\UDLQIDOOV$FFRUGLQJWRWDEOHWKHPD[LPXPDLUWHPSHUDWXUHKDSSHQHGDWKU
ZKLFK LV &ZKLOHPLQLPXPDLU WHPSHUDWXUH KDSSHQHG DW KUZKLFK LV & ,Q WKH VDPHKRXU WKH
KLJKHVW DLU KXPLGLW\ ZLWK YDOXH  KDSSHQHG DW WKH WLPH ZLWK ORZHVW DLU WHPSHUDWXUH ZKLOH WKH ORZHVW DLU
KXPLGLW\DWWKHKRWWHVWKRXU,QJHQHUDODFFRUGLQJWR0DOD\VLDPHWHRURORJLFDOGHSDUWPHQWWKHPD[LPXPPHDQ
DLUWHPSHUDWXUHLQ.XFKLQJFRXOGUHDFK&WR&ZKLOHWKHDLUKXPLGLW\UDQJHGIURPWR0DOD\VLD
 7KHKLJKHVW YDOXHRI VRODU LUUDGLDWLRQRI WKHGD\ UHFRUGHG DV:Pð DW KUZKLOH WKHPD[LPXP
UHFRUG IURP WKH QDWLRQDO GDWD UHFRUGHG DV :Pð7KH RYHUYLHZRI WKH DLU WHPSHUDWXUH UHODWLYH KXPLGLW\ DQG
VRODU LUUDGLDWLRQ FRQVLGHUHG DV YLDEOH GDWD VLQFH WKH GHYLDWLRQ RI WKH ILHOG PHDVXUHPHQW DQG WKH PHWURORJLFDO
GHSDUWPHQWUHFRUGHGOHVVWKDQ)RUDLUYHORFLW\ZKLFKPHDVXUHGPDQGPIURPWKHJURXQGDWWHVWURRP
DQGRXWGRRUUHVSHFWLYHO\ZDVUDQJHGIURPPVWRPVZKLOHWKHWHVWURRPUDQJHGIURPPVWRPV7KH
VWDWHPHQW WKXVSURYHQ WKDW DLUPRYHPHQW LQ WKH WHUUDFHKRXVH LV FRQVLGHUHG ORZDQG VWDWLFZKLFKFDXVHG WKHUPDO
FRPIRUWSUREOHPWRRFFXSDQWV+XL
3.2. Comparison between simulation and field measurement results
7KHILHOGPHDVXUHPHQWUHVXOWVZHUHH[WUDFWHGDQGFRPSDUHGZLWKWKHVLPXODWHGUHVXOWV)RUFRPSDULVRQSXUSRVH
RQO\ WKHGD\WLPH UHVXOWV  WRKUZHUHFRPSDUHG VLQFH LQ WKLV VWXG\ WKHHIIHFWRI VRODU LUUDGLDWLRQSOD\V
LPSRUWDQWUROHLQUHJXODWLQJWKHLQGRRUDLUWHPSHUDWXUH)XUWKHUPRUHWKHSXUSRVHRIWKHFRPSDULVRQLVWRILQGRXWWKH
GHYLDWLRQEHWZHHQWKHWZRUHVXOWV
)LJXUH   DQG VKRZV D JRRG DJUHHPHQW EHWZHHQ ILHOG PHDVXUHPHQW DQG &)' VLPXODWLRQ UHVXOWV 7KH
SHUFHQWDJHGLIIHUHQFHVRIWKHUHVXOWVUDQJHGIURPWRIRULQGRRUURRPWHPSHUDWXUHZKLOHWKHDYHUDJHDLU
WHPSHUDWXUHGHYLDWHGEHWZHHQWR&,QWKHFDVHRIDLUYHORFLW\WKHSHUFHQWDJHGLIIHUHQFHVRIPHDVXUHGGDWD
DQG &)' VLPXODWLRQ GDWD UDQJHG IURP  WR  ,Q )LJXUH  DQG  WKH UHJUHVVLRQ VTXDUHG EHWZHHQ WKH
VLPXODWLRQDQGILHOGPHDVXUHPHQWIRUWHVWURRPDLUWHPSHUDWXUHDQGDLUYHORFLW\UHVXOWVVKRZVYDOXHRIDQG
 UHVSHFWLYHO\%RWKYDOXHVDUHFORVH WR LQ WKHRWKHUZRUGVPHDQ WKDW WKH VLPLODULWLHV IRUERWKSDUDPHWHUV
UHVXOWDUHYHU\KLJK$FFRUGLQJWR1XJURKRHWDODOWKRXJKWKHUHDUHVOLJKWO\GLIIHUHQFHVEHWZHHQWKH&)'
VLPXODWLRQGDWDDQGPHDVXUHGGDWDVHWLWFDQEHGHGXFHGWKDW&)'VLPXODWLRQFDQUHSURGXFHWKHVLPLODUFRQGLWLRQV
RFFXUUHGLQWKHILHOGPHDVXUHPHQW7KLVFDQEHVHHQIURP)LJXUHWKDWWKHJUDSKSDWWHUQIOXFWXDWHGLQWKHVDPHWUHQG
7KHXVHRI&)'PRGHOWRLQYHVWLJDWHWKHEXLOGLQJWKHUPDODQGYHQWLODWLRQSHUIRUPDQFHLVWKXVYDOLGDWHG
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

)LJ7KHVLPXODWHGLQGRRUDLUWHPSHUDWXUHVKRZVFORVHUHODWLRQVKLSZLWKWKHILHOGPHDVXUHPHQWUHVXOWVZLWKUHJUHVVLRQVTXDUHGYDOXHRI
ZKLFKLVQHDUWR


)LJ7KHVLPXODWHGLQGRRUDLUYHORFLW\DQGWKHILHOGPHDVXUHPHQWUHSUHVHQWHGE\WKHUHJUHVVLRQVTXDUHGYDOXHRIZKLFKLVQHDUWR
VLPLODUUHVXOW7KLVPHDQVWKDW'HVLJQ%XLOGHULVUHOLDEOHDQGYLDEOHVRIWZDUHWRVLPXODWHLQGRRUYHQWLODWLRQSHUIRUPDQFHLQ0DOD\VLD

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
)LJ7KHFRPSDULVRQEHWZHHQUHVXOWVIURPVLPXODWLRQ'HVLJQ%XLOGHUZLWKWKHILHOGPHDVXUHPHQW

3.3. Optimization of solar chimney 
7KH VRODU FKLPQH\ FURVV VHFWLRQRSWLPL]DWLRQZDV GLYLGHG LQWR WZRSKDVHVZKLFK DUHZLGWK JDSRSWLPL]DWLRQ
ZLGWK JDS KHUHE\ PHDQV WKH GLPHQVLRQ RI LQQHUVKDIW DLU ZHOO DQG OHQJWK OHQJWK RI WKH LQQHU VKDIW DLU ZHOO
RSWLPL]DWLRQ,QWKHSUHOLPLQDU\WHVWWKHH[LVWLQJOHQJWKRIWKHFDVHVWXG\KRXVHDLUZHOOZDVIL[HGPDQGYDULHV
RIZLGWKJDS PPPPDQGPZHUH WHVWHGZLWK WKHYDOLGDWHG&)'VRIWZDUH$LU IORZ LQ IURP
URRP¶VH[WHUQDOZLQGRZDLUIORZRXWDLUZHOOURRIRSHQLQJLQGRRUDLUYHORFLW\LQGRRUDLUWHPSHUDWXUHDVZHOODV
RXWGRRUDQGLQGRRUDLU WHPSHUDWXUHGLIIHUHQFHVZHUHUHFRUGHGDVVKRZQLQ7DEOHDQG7DEOH6DPHSURFHGXUHV
ZHUHUHSHDWHGWRLQYHVWLJDWHVRODUFKLPQH\OHQJWKWKHUHVXOWVZHUHVKRZQLQ7DEOHDQG7DEOH
 )RUWKHRSWLPL]DWLRQRIZLGWKJDSYDULHVVRODUFKLPQH\JDSVL]HZHUHWHVWHG$FFRUGLQJWRWKHREVHUYDWLRQ
UHVXOWVVRODUFKLPQH\DLUGHQVLW\LQFUHDVHGZLWKWKHZLGWKJDS+RZHYHUWKHVPDOOHUJDSVPWRPJLYHPRUH
VLJQLILFDQWUHVXOWVFRPSDUHGWRWKHELJJDSIURPPRQZDUGV,WFDQEHVHHQWKDWWKHDLUGHQVLW\IORZLQDQGRXW
LQFUHDVHIURPPWRPDQGIURPPWRPZKLOHRQO\RIDLUGHQVLW\ LQFUHPHQWIURP
PWRP+RZHYHUIURP7DEOHPJDSJLYHVWKHJUHDWHVWGLIIHUHQFHVEHWZHHQDLUIORZLQDQGDLUIORZRXW
ZKLFK PHDQV WKH VXFWLRQ RI DLU KDSSHQHG VLJQLILFDQWO\ LQ WKH H[LVWLQJ JDS ZKHUH WKH GLIIHUHQFHV RI PñV
RFFXUUHG)RUWKHLQGRRUDLUYHORFLW\DQGDLUWHPSHUDWXUHDVLQ7DEOHWKHDLUYHORFLW\LQFUHDVHDYHUDJHO\
IURPJDSPWRPDQGWKHLQFUHDVHRIWKHYDOXHVWDUWWREHFRPHFRQVWDQWDIWHUPIURPWR
7KLVPHDQVWKDW ODUJHUZLGWKJDSLVSUHIHUDEOH WR LQGXFHDLUVXFWLRQDQGLQFUHDVHDLUYHORFLW\+RZHYHU WKHZLGWK
JDS ODUJHU WKDQ P LV QRW JLYLQJ PXFK HIIHFW RI DLU VXFWLRQ ,W VKRXOG EH QRWHG WKDW WKH DLU IORZ UDWH ZDV
LQGHSHQGHQWWRWKHDLUYHORFLW\+\SRWKHVLVDERYHLVVXSSRUWHGE\1XJURKRZKHUHWKHRSWLPXPDLUJDSIRU
PKHLJKWVRODUFKLPQH\LVPXQGHUWURSLFDOFOLPDWHLQ0DOD\VLD
7DEOH7KHDLUIORZLQH[WHUQDOZLQGRZDQGDLUIORZRXWVRODUFKLPQH\RXWOHWUHVXOWHGIURPPPPPDQGP
VRODUFKLPQH\ZLGWKJDS
6RODU&KLPQH\:LGWK*DSP
IL[HGSDUDPHWHUPOHQJWK $LU)ORZ,QPðV $LU)ORZ2XWPðV
  
  
  
H[LVWLQJDLUZHOOJDS  
  


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7DEOH7KHLQGRRUDLUYHORFLW\DLUWHPSHUDWXUHDQGWHPSHUDWXUHGLIIHUHQFHVIURPRXWGRRUWHPSHUDWXUHFDXVHGE\PPP
PDQGPZLGWKJDSVRIVRODUFKLPQH\
6RODU&KLPQH\:LGWK*DSP
IL[HGSDUDPHWHUPOHQJWK
,QGRRU$LU
9HORFLW\PV
,QGRRU$LU
7HPSHUDWXUH
&
$LU
7HPSHUDWXUH
'LIIHUHQFHV
2XWGRRUDQG
7HVWURRP&
   
   
   
H[LVWLQJDLUZHOOJDS   
   
 
,Q WKH VHFRQGSKDVHRIRSWLPL]DWLRQPRI VRODUFKLPQH\ZLGWKJDSZDVFKRVHQ7KHUHDUH VL[ W\SHVRI
VRODUFKLPQH\OHQJWKZKLFKDUHDQGPZHUHFKRVHQLQWKLVFDVH7DEOH7KHOHQJWKVZHUH
YDULHVDFFRUGLQJWRWKHURRPOHQJWKP$FFRUGLQJWR7DEOHLQJHQHUDOO\DLUIORZRXWLQFUHDVHZKHQWKHOHQJWK
RIVRODUFKLPQH\LQFUHDVHZKLFKPHDQVWKHVXFWLRQKDSSHQHGLQWKHVRODUFKLPQH\DQGLQFUHDVHWKHDLUIORZVSHHG
RWKHU WKDQ LQILOWUDWLRQ ,Q 7DEOH  WKH OHQJWKV EHORZ P JLYH WKH LQVLJQLILFDQW VSHHG ZKLFK LV PV DQG
PV IRU P DQG P UHVSHFWLYHO\ ZKHUHE\ P WR P JLYH DOPRVW GRXEOH VSHHG IURP PV WR
PV7KH LQGRRUDLUYHORFLW\ LQFUHDVHVFRQWLQXRXVO\ IURPP WRPZLWKYDOXHPVDQGPV
7KHLQFUHPHQWSHUFHQWDJHRIIURPPWRPKDVSURYHQWKDWWKHODUJHUVL]HRIVRODUFKLPQH\WKHKLJKHU
DLUIORZVSHHG,QWHUPRIDLUWHPSHUDWXUHWKHODUJHUVL]HRIVRODUFKLPQH\JLYHVOLWWOHRUQRGLIIHUHQWWHPSHUDWXUH
GHYLDWLRQIURPRXWGRRUWHPSHUDWXUHVLQFHLWPD[LPL]HVWKHVRODULUUDGLDWLRQZKHQWKHVL]HLQFUHDVHG$VLQ7DEOH
P JLYHV WKH WHPSHUDWXUH GLIIHUHQFHV RI & ZKLFK LV WKH JUHDWHVW YDOXH DPRQJ DOO 7KH VLJQLILFDQW RI
WHPSHUDWXUHGHYLDWLRQUHGXFHVLJQLILFDQWO\IURPPRGHOVPWRP
7DEOH7KHDLUIORZLQH[WHUQDOZLQGRZDQGDLUIORZRXWVRODUFKLPQH\RXWOHWUHVXOWHGIURPPPPPPP
VRODUFKLPQH\OHQJWK
6RODU&KLPQH\/HQJWKP
IL[HGSDUDPHWHUPZLGWK
$LU)ORZ,QPðV $LU)ORZ2XWPðV
  
  
  
  
H[LVWLQJDLUZHOOOHQJWK  
  
7DEOH7KHLQGRRUDLUYHORFLW\DLUWHPSHUDWXUHDQGWHPSHUDWXUHGLIIHUHQFHVIURPRXWGRRUWHPSHUDWXUHFDXVHGE\PPP
PPDQGPOHQJWKRIVRODUFKLPQH\
6RODU&KLPQH\/HQJWKP
IL[HGSDUDPHWHUPZLGWK
,QGRRU$LU
9HORFLW\PV
,QGRRU$LU
7HPSHUDWXUH&
$LU 7HPSHUDWXUH
'LIIHUHQFHV  2XWGRRU
DQG7HVWURRP&
   
   
   
   
H[LVWLQJDLUZHOOOHQJWK   
   

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7DEOH7KHDLUIORZDQGDLUGHQVLW\RIYDULHVVRODUFKLPQH\VHFWLRQDWPRQLWRULQJSRLQW$%&DQG'DVVKRZQLQILJXUH
6L]HRI6RODU
&KLPQH\/HQJWKP
[ZLGWKP	DLU
YHORFLW\SURGXFHG
PV
$ % & '
$LU9ROXPHWULF
)ORZ5DWHRI
7HVWURRPPಢV
$LU7HPSHUDWXUH
'LIIHUHQFHV
2XWGRRUDQG
7HVWURRPSRLQW
$&
/[:      
/[:      
/[:      
/[:      
/[:      
/[:      
/[:      
/[:      
/[:      

3.4. Proposed solar chimney cross-section geometry
7KHGLVFXVVLRQRI WKH UHVXOWV LQ WKLVVLPXODWLRQVHFWLRQ UHIHUUHG WR WKHEDVLFFURVVVHFWLRQRI WKHVRODUFKLPQH\
ZLWKRXWPRGLI\LQJRQ WKHH[LVWLQJKRXVHDQGVRODUFKLPQH\¶VRULHQWDWLRQDQGKHLJKWRIVRODUFKLPQH\P$OO
PRGHOVXVHGWKHWKLFNQHVVRIEULFNZDOOPZLWKERWKVLGHSODVWHUHG)RXUPRQLWRULQJSRLQWV$%&DQG'DV
VKRZQLQ)LJXUHZHUHVHOHFWHGDQGWKHDLUYROXPHWULFIORZUDWHRIWHVWURRPDLUYHORFLW\DQGRXWGRRUDQGLQGRRU
DLU WHPSHUDWXUH GLIIHUHQFHV ZHUH REVHUYHG DV VKRZQ LQ 7DEOH 7KURXJKRXW WKH VRODU FKLPQH\ FRQILJXUDWLRQ
VLPXODWLRQWHVWVWKHKLJKHVWYDOXHIRUDLUIORZUDWHLVPñVZKLOHWKHKLJKHVWYDOXHRIDLUYHORFLW\DWOLYLQJ]RQH
PRQLWRULQJ SRLQW $ LV PV %RWK KLJKHVW YDOXH FRQWULEXWHG E\ / ; : $OWKRXJK WKH ODUJHVW FURVV
VHFWLRQRI VRODU FKLPQH\JLYHV WKHKLJKHVWYDOXHEXW WKH WHPSHUDWXUHGLIIHUHQFHV LV WKH OHDVWZKLFK LV & ,Q
DGGLWLRQDODFFRUGLQJWR)LJXUHWKHWUHQGRIDLUYHORFLW\IRU/[:LVPRYLQJGRZQZDUGVZKLFKPHDQVWKDW
WKHDLUYHORFLW\ UHGXFHGDORQJ WKHZD\IURPPRQLWRULQJSRLQW$ WR'7KH UHGXFWLRQRIDLUYHORFLW\ IURP$ WR'
VKRZV WKDW WKH VXFWLRQ SUHVVXUH UHGXFHG ZKLFK GR QRW IXOILO WKH IXQFWLRQ DV EXR\DQF\ LQGXFHG YHQWLODWLRQ WRRO
$FFRUGLQJ WR )LJXUH  WKH / [ : H[SHULHQFHG WKH VXFWLRQ HIIHFW VLQFH WKH DLU YHORFLW\ LQFUHDVHG IURP
PV$WRPV'ZKLOH/[:H[SHULHQFHGWKHUHYHUVHUHVXOWVZLWKKLJKYHORFLW\DWSRLQW$ZLWK
YDOXHPVWRPVDWSRLQW'$OWKRXJK/[:LQLWLDWHGZLWKWKHKLJKDLUYHORFLW\RIPVDWSRLQW
$KRZHYHU WKH DLUYHORFLW\ UHGXFHGDIWHUSRLQW% IURPPV WRPV7KLV VKRZV WKDW WKH ODUJH
FURVV VHFWLRQ RI VRODU FKLPQH\ UHGXFH WKH VXFWLRQ HIIHFW RI VRODU FKLPQH\ )XUWKHUPRUH / [ :JLYLQJ WKH
ORZHVW VXFWLRQ HIIHFW VLQFH WKH DLU YHORFLW\ DW SRLQW & DQG ' VKRZV WKH ORZHVW YDOXH RXW RI RYHUDOO ZKLFK DUH
PV IRUSRLQW&DQGPV IRUSRLQW'7KLVPHDQV WKDW VPDOOHUZLGWKJDSZLWK ORQJHU OHQJWKJLYHEHWWHU
VXFWLRQHIIHFW7KHVXFWLRQHIIHFWVGHFUHDVHIURPVKRUWHUOHQJWKWRORQJHUOHQJWKZKHUHE\DLUYHORFLW\GHFUHDVHGDV
WKHZLGWKJDSLQFUHDVH
7KH DLU YHORFLW\ REWDLQHG IURP WKH VLPXODWLRQ IRU / [ : / [ : DQG / [ : H[SHULHQFHG
VLJQLILFDQWVWDFNHIIHFWFRPSDUHGWRWKHRULJLQDODLUZHOODVVKRZQLQ)LJXUH7KHLQWHUQDORIVRODUFKLPQH\DOVR
H[SHULHQFHGVXFWLRQHIIHFWVLQFHWKHDLUYHORFLW\LQFUHDVHIURPERWWRPJUDGXDOO\7KUHHPRGHOVJLYHWKHUHVXOWVRIDLU
PRYHPHQWLQOLYLQJ]RQH$ZLWKYDOXHVPVPVDQGPVUHVSHFWLYHO\7KHLPSURYHPHQWRIWKHWHVW
URRP$DLUYHORFLW\WKUHHVWDWHGPRGHOVUDQJHGIURP$OWKRXJKWKHLQGXFHGLQGRRUDLUVSHHGLVQRW
FRQVLGHUHG DVKLJK DV WKH UHYHUVHG IORZPRGHOKRZHYHU WKHPHFKDQLVPRI WKH VRODU FKLPQH\KDVEHHQ LQIHUUHG
5HYHUVHG DLU PRYHPHQW IURP VRODU FKLPQH\ RSHQLQJ WRZDUGV LQGRRU URRP EULQJV GRZQ KRW DLU ZLWK KLJK DLU
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WHPSHUDWXUHZKLFK FDXVHG GLVFRPIRUW WR WKH RFFXSDQWV (YHQ WKRXJK WKH DLU YHORFLW\ LV KLJK WKHZLGWK JDS DQG
OHQJWKZKLFKKDVFDXVHGWKHHIIHFWVKRXOGEHDYRLGHGQDPHO\/[:/[:DQG/[:ZLWKKLJK
DLUYHORFLW\DWSRLQW'DQGORZRXWGRRULQGRRUDLUWHPSHUDWXUHGLIIHUHQFHVFRPSDUHGWR/[:/;:
DQG/[:7DEOH


)LJ7KHDLUYHORFLW\LQGXFHGE\WKHYDULHVRIVRODUFKLPQH\VHFWLRQDWPRQLWRULQJSRLQWVDVLQILJXUH


)LJ7KHLQGRRUDLUWHPSHUDWXUHWHPSHUDWXUHGLIIHUHQFHVDQGDLUYROXPHWULFIORZUDWHFDXVHGE\GLIIHUHQWVL]HVRIVRODUFKLPQH\OHQJWKDQG
ZLGWK
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
)LJ$LUYHORFLW\RI&)'VOLFHVIRUWKHH[LVWLQJDLUZHOOLQWKHFDVHVWXG\KRXVH
























)LJ$LUYHORFLW\RI&)'VOLFHVIRUWKHVHOHFWHGPRGHOV7KHVPDOOHUWKHZLGWKJDSWKHEHWWHUWKHDLUVXFWLRQHIIHFW7KHVKRUWHUOHQJWKJLYHV
EHWWHUVWDFNYHQWLODWLRQ7KHRSWLPXPZLGWKDQGOHQJWKRIVRODUFKLPQH\DIIHFWVWKHZLQGYHORFLW\IRUWKHLQGRRUHQYLURQPHQW

1.5Lx0.6W 1.5Lx1.0W 2.0Lx0.6W
0.00 0.06 0.12 0.18 0.25 0.31 0.37 0.43 0.49 0.55 0.61 0.67AirVelocity
(M/s)
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&21&/86,21
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